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Abstract 



; PURPOSE:To make high speed operation and low standby power consumption compatible by 

j bringing a threshold potential of one of P channel or N channel transistor (TR) to a potential different 

| depending on the normal operation and standby state. 

| CONSTITUTIONS connecting a substrate potential internal generating circuit 1 1 to an N channel TR 
i 10 in an inverter circuit, the substrate potential internal generating circuit 1 1 is thrown to the position of 
; a switch (a) in the normal operating state, the substrate potential of the N channel TR 10 is brought to 
; the common potential. When the standby control flip-flop is set, the oscillating circuit is stopped a 
I RAM data is stored and the mode is transmitted to the standby state, then the substrate potential 
j generating circuit 11 throws the switch to the position (b). The substrate potential of the N channel TR 
[10 is lowered by Vs than the normal operation, the current OFF characteristic of the N channel TR is 
improved than that at the normal operation and low power consumption is realized. 
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SPECIFICATION 

1. Title of the Invention: 

CMOS MICROCOMPUTER HAVING STANDBY FUNCTION 

2. What Is Claimed Is: 

1. A CMOS microcomputer having a standby function, wherein a 
threshold potential of at least either a P-channel or N-channel 
transistor changes in response to state switching, which is 
performed between a standby and normal operation state. 

3. Detailed Descriptin of the Invention 

(Industrial Field of Utilization) 

The present invention relates to a CMOS microcomputer 
having a standby function. 
(Prior Art) 

Fig. 1 is a block diagram of a conventional CMOS 
microcomputer, which includes a CPU portion 1, a RAM portion 

2, an oscillating circuit portion 3, and a standby control 

flip-flop portion 4. When a standby request occurs, the CPU 

portion 1 sends a standby control flip-flop portion set signal 

5 to set the standby control flip-flop portion 4 . The oscillating 

circuit portion 3 then stops providing internal clock signals 

< 

in response to a standby control flip-flop portion output signal 
6. In this step the RAM portion 2 holds the current data, and 
the CMOS microcomputer enters a standby state. The CMOS 
microcomputer can operate with lower power than that in a normal 
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opera'tion state because only the RAM portion 2 consumes the power 
for holding data. To release the standby state, an external 
control signal 8 resets the standby control flip-flop portion 
4. This allows the oscillating circuit portion 3 to re-operate 
so as to provide clock signals, and then allows the CMOS 
microcomputer to enter the normal operation state. 
(Disadvantage of the Prior Art) 

The high-speed operation of microcomputers requires lower 
threshold voltage of transistors. The high integration of the 
transistors involves the shortening of the channel lengths , thus 
lowering the threshold voltage. However the low threshold 
voltage causes the worsening of the current OFF characteristic 
of the transistors, increasing the channel current leakage. 
Therefore it is difficult to operate the transistors in a standby 
state with low power. 

(Object of the Invention) 

The present invention is to provide a CMOS microcomputer 
which enables both high-speed operation and low power 
consumption. 

(Constitution of the Invention) 

The present invention includes an internal substrate 
voltage generation circuit portion for at least one type of 
transistor, and detects a standby state to apply a potential 
different from that in a normal operation state to at least one 
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substrate of either a P-channel or N-channel transistor which 
constitute the CMOS microcomputer . The substantially increased 
threshold voltage enables the solid cutoff of the current leakage 
in the standby state. In the normal operation state the CMOS 
microcomputer operates at high-speed with low threshold voltage . 
An internal substrate potential switching circuit portion of 
the present invention operates to make potential difference 
between a normal operation and standby state, the potential 
difference being applied to all the substrates of the CMOS 
microcomputer chip. The changing of the potential applied to 
the wells is also possible to obtain the same effect as described 
above . 

(Preferred Embodiments) 

Fig. 2 is a main circuit diagram of a CMOS microcomputer 
according to the present invention. An inverter circuit of Fig. 
2 consists of a P-channel transistor 9 and N-channel transistor 
10 . An internal substrate potential switching circuit portion 
11 , which is in a state of connecting to the N-channel transistor 
10, is described in the following. In a normal operation state 
the internal substrate potential switching circuit portion 11 
has switched to (a) . The substrate potential of the N-channel 
transistor 10 is therefore egual to ground potential. In this 
step a low threshold voltage Vs suitable for high-speed operation 
is set. 
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•' Subsequently, when a standby request occurs, the standby 
control flip-flop portion 4 in Fig. 1 is set, an oscillating 
circuit portion 3 stops, the RAM portion 2 holds the current 
data, and then the CMOS microcomputer enters the standby state. 
At the same time the internal substrate potential switching 
circuit portion 11 detects an standby control flip-flop portion 
output signal 6 to switch to (b) . In this step the substrate 
potential of the N-channel transistor 10 becomes lower than that 
in the normal operation state by Vs , and thereby the threshold 
voltage becomes substantially high. Therefore the current OFF 
characteristic of the N-channel transistor improves compared 
to that in the normal operation state, realizing the low power 
consumption . 

A RAM portion in a standby state can hold data even when 
a threshold voltage is unusually high, and thus consumes small 
Current . 

To release the standby state, the internal substrate 
r 

potential switching circuit portion 11 detects the reset of the 
standby control flip-flop portion 4 to switch to (a) . The 
substrate potential of the N-channel transistor becomes normal 
ground voltage, and the CMOS microcomputer enters the normal 
operation state. 

Fig. 3 is an example of a circuit which provides the 
substrate voltage Vs. The circuit contains an oscillating 
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circult portion 13 to 18, a capacitor 19, and transistors 20, 
21, generating the negative substrate voltage Vs at a substrate 
voltage generation terminal 22. 
(Effect of the Invention) 

As described above, the present invention provides a CMOS 
microcomputer which realizes both high-speed operation and low 
standby power consumption by employing an internal substrate 
voltage generation circuit portion for at least one type of 
transistor, and an internal substrate potential switching 
circuit portion which detects a standby state to apply a different 
potential from that in a normal operation state to at least one 
substrate of either a P-channel or N-channel transistor of the 
CMOS microcomputer. It is to be understood that the present 
invention is not to be intended to be limited to the 
above-described embodiments. In one alternative embodiment, 
the substrate potential of a P-channel transistor can be changed 
instead of the substrate of an N-channel transistor. In another 
alternative embodiment, a well potential can be changed instead 
of a substrate potential. In still another alternative 
embodiment, the standby function of the present invention is 
used in holding data of not only a RAM portion in a standby state , 
but also other circuit elements in a standby state. 
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4 . Brief Description of the Drawings 

Fig. 1 is a block diagram of a CMOS microcomputer having 
a standby function. 

1 CPU portion 

2 RAM portion 

3 oscillating circuit portion 

4 standby control flip-flop portion 

5 standby control flip-flop portion set signal 

6 standby control flip-flop portion output signal 

7 oscillating circuit portion output 

8 external control signal 

Fig. 2 is a main circuit diagram of a CMOS microcomputer 
according to the present invention. 

9 P-channel transistor 

10 N-channel transistor 

11 internal substrate potential switching circuit portion 

12 substrate voltage Vs 

(a) normal operation state 

(b) standby state 

Fig. 3 is a circuit diagram of a internal substrate voltage 
generation circuit portion according to the present invention. 

13 to 18 oscillating circuit portion 
19 capacitor 

20, 21 transistor 




22 substrate voltage generation terminal 
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